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Abstract: The experiments were conducted to compare water usage of several irrigation treatment on rice 
growth performance and productivity.  The rice variety was Situbagendit .  Fertilizer dosage are Urea 250 kg/ha, 
SP-36 100 kg/ha and 100 kg KCl/ha. Irrigation started from land preparation. Control block was flooded by a 
water height of 7 cm. Low level continues flow block was flooded by a water height of 3-5 cm. The volume of 
water used to saturate the soil of the saturated block was estimated. The results showed that total volume of 
water irigation during the rice growing period in the control block was  2,761.91 m
3
; low level continous flow 
irrigation block was about 1,217.03 and only about  638.98 m
3
 for the alternate wet and dry irrigation block, and 
for soil saturation block was about 549.74 m
3
. The rice yield of deep flooding irrigation treatment was equivalent 
to 5.6 tons/ha of dry paddy while the yields of low level continuous flow irrigation, alternate wet and dry 
irrigation and soil saturation treatments reached 5,3 tons/ha,3.36 tons/ha and 2.80 tons/ ha respectively. 
Key words: Water use efficiency, rice grow, irrigation, water scarcity,  
 
1. Introduction 
Rice (Oryza sativa L.) has become the most 
important staple food in Indonesia, and it covers the 
largest agricultural area.  Recently, the challenges 
related to improving rice productivity in Indonesia 
have been increasing due to the increased population 
and reduced arable area Total water requirements and 
specific water use (m3/ha) for rice production under 
different ecologies can be roughly estimated on 
average (evapotranspiration 550-950 mm/crop, which 
is the water actually consumed by the plant) at: (a)  
rainfed upland rice: 5500 m3/ha (evapotranspiration 
only) for 1.25 t/ha specific water use: 6.5 m3/kg, (b) 
rainfed lowland rice: 10,000 m3/ha (evapotranspiration 
+ impounded rainwater) for 2.5 t/ha specific water 
use: 4.0 m3/kg, (c) irrigated upland rice: 10,000 m3/ha 
(evapotranspiration + supplementary irrigation) for 2.5 
t/ha specific water use: 4.0 m3/kg, (d)  irrigated 
lowland/deep water rice: 16,500 m3/ha 
(evapotranspiration and full irrigation) for 4.5 t/ha 
specific water use: 3.7 m3/kg.  Hence, an alternative 
irrigation system that produces more rice with less 
water input is needed to ensure a sufficient food 
supply. 
In developing countries as Indonesia, 
competition in water use for agriculture, industry, and 
domestic purposes is increasingly tight often result in 
conflict. The unplanned  population dynamic, 
population growth and settlement shift exacerbates the 
problems with increasing demand for industrial and 
domestic uses. Unfortunately, without the availability 
of appropriate data on supply and demand water 
allocation are increasing in the other sectors at the 
expense of agriculture.  This condition will  lead to 
conflict among water users. Farmers that produce food 
for all people in the country are very often become the 
losers in many negotiation among the stakeholders. 
The water supply is decreasing and more 
unpredictable due to decreasing the water retention 
capacity because of watershed degradation, and 
becoming less predictable because of climate change 
[4].   While the demand are increasing because of 
population growth and developing economy and 
aggravated by urbanization to the urban areas down 
streams.  On the other hand as an agricultural country, 
Indonesia faces the wastefull water usage and rice 
field degradation such as nutrient imbalance and 
nutrient loss, organic matter decline, levelling off, 
drought, agro-chemical pollution, and industrial waste 
contamination. High water contribution is not actually 
balance with the use of water efficiently in production 
system of agriculture. Wasting of irrigation water at 
the water source and limited supply of water supply in 
the end of irrigation cannel are examples of poor water 
management. As a result, the intensity of planting  (IP) 
in a planting area is decreasing in an extreme 
condition from 300 decreases to 100, because the use 
of water for irrigation had to be in turn for each paddy 
field. This situation becoming worst during the climate 
change and their negative impact especially drought 
and flooding [10].   
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The current status of agriculture water 
management in lowland rice in Indonesia is still 
dominated by continuous flooding, although some 
efforts is to increase water efficiency and productivity 
such as with controlled altrenate wet and dry irrigation 
using perforated PVC tubes [1]. 
Therefore, the higher the ratio the more effective 
in using water. There are three strategies or conditions 
in water use efficiency or water productivity as 
follows: 1) maintaining rice yield at the same level 
while reduces water consumption; 2) increases rice 
yield without increases of water consumption; and 3) 
increases rice yield and reduces water consumptions. 
Highly efficiently in irrigation system is reached 
whenever the mean of rice yield increases and the 
water consumption decreases, while the excessive 
water is used to irrigate the other areas. Therefore, the 
efficiency of water use is more important during the 
dry season of rice crop or under limited water 
condition in the areas [12]. The objective of these 
research is to compare water usage of several 
irrigation treatment on rice growth performance and  
productivity and its water use efficiency. 
 
2. Literatur Review 
2.1. The Concept of Water Use Efficiency (WUE) 
Water shortage is one of the serious problems 
limiting crops production in the world. Improving 
water use efficiency (WUE) through water saving 
irrigation practices is a viable approach to mitigate the 
water shortage problem. Water use efficiency is an 
important physiological characteristic that is related to 
the ability of crop to cope with water stress. Varieties 
of the crop have the differential water use efficiency. 
In the water limited areas, the varieties that have more 
water use efficiency than that are having low water use 
efficiency.  
In general term efficiency is used to quantify the 
relative output obtainable from a given input. So, 
water use efficiency is output obtained by inputting 
the known amount of water in general terms. In simple 
terms it is characterized by crop yield per unit of water 
used. WUE can be defined as biomass produced per 
unit area per unit water evapo-transpired. The biomass 
is usually determined as dry weight rather than as 
fresh weight, therefore the several methods are 
commonly used to determine water use efficiency 
[12].  WUE is expressed in equation as follows: 
 
 WUE  
Dry weight accumulation
Water lost through transpiration
  
  
WUE  
Dry weight accumulation
Water lost through  evapotranspiration
  
                   (most common method) 
 
2.2.  Enhancing the Water Use Efficiency 
Improvement in water use efficiency in 
agriculture is essential because of irrigation sources 
are declining, energy costs make irrigation more 
expensive to deliver, world demand for food, feed, and 
fiber is increasing and production is being pushed into 
more arid environments. Good management and 
adoption of appropriate practices improved 
agricultural water conservation and subsequent use of 
that water for more efficient crop production are 
possible under both dry land and irrigated area [5].   
Total water use increased with the increase in 
number of irrigation. Irrigation scheduled 1 day after 
infiltration of ponded water required more number of 
irrigations than the other seepage period [7]. Rice 
grown under puddle condition required less number of 
irrigation to mature than that grown in un-puddle 
condition. It was observed that irrigation requirement 
was more under un-puddle condition as compared to 
puddle condition. Water use efficiency was the highest 
with puddling and transplanting followed by puddling 
and line sowing of sprouted seed of rice. The lowest 
water use efficiency was obtained with line sowing of 
sprouted seed under un puddle condition.  
Some water conserving rice irrigation techniques 
used around the world include maintaining a low 
water level, growing in saturated soil conditions and 
alternating wetting and drying cycles. These 
techniques have been reported to reduce water input 
by 40-70% [7]. That better water use efficiency and 
water productivity were observed in direct seeded rice 
[8]. 
The maximum irrigation water use efficiency and 
field water use efficiency were obtained with 3 days 
drainage followed by 1 day drainage and the least with 
continuous water submergence in rice. It is obvious 
that irrigation water use efficiency and field water use 
efficiency are the functions of the ratio of economic 
grain yield to water applied and water requirement of 
the crop [9].  
Planting pattern has a direct effect on yield, solar 
energy capture and soil water evaporation and thus an 
indirect effect on water use efficiency. The correct 
method of planting according to the site moisture 
availability or other factors can help to increase the 
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yield or reduce the total irrigation water to be applied 
to crop without affecting the yield of crop [14]. 
Water use efficiency (WUE) was significantly 
larger under non-flooding controlled irrigation 
compared to flooding irrigation. The water use 
efficiency by crops can be enhanced by selection of 
crop, variety; agronomic practices like time of sowing, 
method of sowing/planting, seed rate, plant 
population, fertilizer and irrigation, intercropping; 
moisture conservation practices as mulching, 
transpiration suppressants, moisture stress and 
vegetative barriers based on available water and 
increasing seasonal evapotranspiration [15].  
Selection of crops and varieties for high water use 
efficiency should be done on the basis of availability 
of water under rain fed, limited water and irrigated 
areas.  Selection of crops and varieties should be 
evaluated with irrigation scheduling to see the water 
use efficiency before the recommendation for 
cultivation in the particular area.  
Agronomic practices like time of sowing, method 
of sowing/planting, seed rate, plant population, 
fertilizer and irrigation, intercropping should be 
evaluated with the irrigation levels for high water use 
efficiency and economic yield of crop. Optimum time 
of sowing/planting, seed rate, plant population, inter 
culture, herbicide application, fertilizer facilitate  
better growth   and development which resulted in 
higher crop yield and water use efficiency. 
Application of fertilizer facilitates root growth which 
can extract soil moisture from deeper layers. 
Furthermore facilitates early development of canopy 
that covers the soil and  intercepts more solar energy 
and thereby reduces the evapotranspiration  
Conservation tillage practices like zero tillage; 
reduced tillage/minimum tillage utilizes more 
judiciously the plant available water than the 
conventional tillage when the other factors are similar.  
 Moisture conservation practices like straw mulch, 
straw + kaolin and polyethylene mulching are 
reducing weeds dry matter and weed density which 
resulted in enhancing crop yield and water use 
efficiency in rainfed areas.  
On rainfed lands pre-sowing seed treatment with 
KNO3 and kaolin spray greatly increased the grain 
yield and water use efficiency compared with the 
untreated control.    
Under the limited water conditions, in wider 
spacing crops and long duration crops  the growing 
crops as intercropping enhance the productivity and 
water use efficiency  
Under rainfed conditions use of vegetative 
barriers particularly legume barriers improve the soil 
health and increase water holding capacity ultimately 
enhance the crop yield and water use efficiency   
With the increasing of water stress during the 
vegetative phase by reducing the vegetative stage and 
also reducing consumptive use of water which resulted 
in higher water use efficiency     
Alternate Wetting and Drying (AWD) irrigation 
system was the recommended water management 
practice under SRI. Under AWD irrigation system, 
water is applied to flood the field for a certain number 
of days after the disappearance of ponded water. The 
field was allowed to be dry for a few days between 
water applications. The number of days under AWD 
irrigation can vary from 1 day to more than 10 days. 
From planting to panicle initiation stage, field was 
irrigated to a depth of 2.5 cm after the previously 
irrigated water disappears. After panicle initiation, 
irrigation was given to a depth of 2.5 cm one day after 
the previously ponded water disappears from the 
surface.  SRI practices increasing grain yield at the 
range of 28.3 to 32.4%, from 4.954 t ha
-1
 to 6.583 t ha
-
1
, while utilizing fewer seeds and less water [17]. 
AWD reduced water use and significantly increased 
grain yield as compared to continuous flooding 
treatment [18]. 
The water scarcity context, applying 3 cm water 
depth above soil surface seems suitable for increasing 
both rice  production and irrigation water productivity 
in tropical climate conditions [16]. Weekly application  
of a 3 cm water depth above soil surface can be 
recommended to farmers as an alternative to save 
irrigation water, time, energy, and increase outputs. 
This approach may probably replace the conventional 
soil saturation practice  that is difficult to be 
implemented practically, and can be adopted in high 
water demand areas and where water resource is 
limited.  
 
3. Material and Methods 
3.1.  Site Experiment 
The experiment was conducted at Kuningan 
Agriculture Research Station, West Java Province 
from May to October 2007.  The experimental plot 
presents in Figure 1. 
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Figure 1. Experimental plot 
 
3.2.  Materials 
  These experiments were conducted using 
Situbagendit rice variety (115 day length periode), 
Urea and Tri Super Phospate fertilizer, Insecticide, 
Herbicide. Climatic data were daily collected and 
watering conditions monitored (weir, current meter 
and leveling total station).  
 The volume of water used during the growth of 
rice (land preparation to harvesting) was quantified 
measuring the water discharge flowing through a weir 
which has been built for this purpose. The discharges 
were estimated using a triangular weir (V-Notch) 
(Figure 2). Such measuring device is relatively 
accurate, easy to operate and inexpensive.  
 
 
 
 
 
 
 
Figure 2: Triangular weir 
 
3.3.  Crops water requirement 
Water requirements for growing lowland rice is 
calculated from the amount of water losses due to 
evaporation, transpiration, percolation, seepage and 
retained in the biomass of the rice crops and involved 
in several chemical, physical and physiological 
processes. The need for water irrigation is the amount 
of water should be added to the field to suffice the gap 
between crop water requirement and rainfall as 
formulated as follows:  
IR = E + T + S + D + P – Re  
Where: IR: water irrigation requirement (mm); E: 
Evaporation (mm); T: Transpiration (mm); S: soil 
saturation (mm); D: flooding (mm); P: Percolation 
(mm); Re: Effective rainfall (mm) 
Irrigation started from land preparation. controll 
block (deep flooding) was flooded by a water height of 
7 cm. Low level continues flow block was flooded by 
a water height of 3-5 cm as recomended by crops 
water balance analysis [2]. The volume of water used 
to saturate the soil of the saturated block was 
estimated. The number of days of non-flooded soil in 
AWD before irrigation is applied can vary from 1 day 
to more than 5 days. 
3.4.  Type and dosage of fertilizer  
Type of fertilizer used is urea, Sp-36 and KCl. 
Fertilizer dosage follows fertilizer recommendations 
for rice, i.e : Urea 250 kg/ha, SP-36 100 kg/ha and 100 
kg KCl/ha.  
3.5. The observed parameters  
3.5.1. Performance of vegetative development of rice 
and weed growth 
The vegetative development of rice consisted in 
observing crop height and the number of tillers. The 
observations carried out on the7th , 15th, 60th, 75th and 
100thdays after planting.  The weeds performance was 
observed at the 45th day after rice planting; it included 
the type and weight of weeds. 
3.5.2. Performance of rice generative 
The observed parameter during generative growth 
were flowering period, panicle number , fresh and dry 
weight of grain, fresh and dry weight of straw, 1000 
grain weight and yield. 
3.5.3. Site characteristic 
Soil types were  classified as Oxiaquic Eutrudepts. 
Soil surface was well drainedand very porous ; it 
indicates a low soil water storage capacity. Typical 
properties of the Oxiaquic Eutrudepts are for the 
surface layer olive brown (25Y 4.0/3, silt loam texture 
andgreyish dark brown (10YR 4.0/2 ) and dark brown 
(10YR 4.0/3 ) , clay fine sandy gravel for the sub 
surface layer. 
Mean annual rainfall was 2.205 mm versus 
potensial evapotranspiration about 1.264 mm.The 
monthly rainfall and evapotranspiration data 
distributions, shows that the experimental station have 
water deficit during 5 months from June to October. 
By comparing daily rainfall and evapotranspiration 
during the second growth period of rice planting 
(May–September)it shows a period of water deficit 
that may last about 70 days mostly on June – August 
(Figure 3). 
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4. Results and Discussion 
4.1. Water balance for rice 
Water balance simulation for a planting date of 
rice at the begining of May concluded that its water 
requirements without flooding during the period of 
growth were 4,546m3/ha (Figure 4). Regarding the 
rainfall data the rest of water need must be fulfilled by 
the water supply from irrigation.  
Total volume of water supplied during the rice 
growing period in the control plot was  2,761.91 m3, 
distributed during the initial phase for 42 days 
continuously , about 1,211.56 m3. Water consumption 
during the vegetative growth phase , flowering and 
maturation , were 607.95 m3 , 759.94 m3, 182.38 m3 
respectivelly. These irrigation method was the most 
popular irrigation practices applied by local farmer 
even though during the dry season when the water 
reserve tend to decrease. 
Total water volume related to the low level 
continous flow irrigation plot was about 1,217.03 
distributed into initial phase, vegetative growth phase , 
flowering and maturation , respectively for  523.24 
m3 , 272.07 m3 , 340.10m3 , 81.62 m3.  
Water delivered to the alternate wet and dry 
irrigation plot was about 638.98 m3. The amount of 
water supply to each successive phase of 270.90 m3, 
119.73 m3, 207.44 m3 and 40.92 m3.  Alternate wetting 
and drying irrigation therefore generates multiple 
benefits related to reducing water use (adaptation as 
water is scarce), increasing productivity, and 
increasing food security. 
Total volume supplied for soil saturation plot was 
about 549.74 m3. The amount of water supply for each 
development phase were 183.75 m3, 91.57 m3, 234.64 
m3 and 39.78 m3 . 
Regardless the performance of rice crop growth, 
it’s the most efficient treatment in terms of water use. 
It only required an amount of water around14-20 % of 
amount of water consumedby the continuous deep 
flooding treatment. 
 
 
 
 
 
 
Figure 4. Water balance simulation for rice 
4.2. Vegetatif  and weeds growth performance 
The vegetative performance of rice plants are 
reflected in the number of tillers and plant height as 
well as correlated with yield. The results show that the 
deep flooding trial have the highest values  of plant 
height and number of tillers, though itdid not show a 
significant difference with those of the other 
treatments (Figure 5). Visual field observations and 
measurements of plant height and number of tillers of 
rice indicate that the effect of irrigation management 
on rice growth was not significant.  Field observations 
of the variability weed growth and weed species,  
which are competitor of rice, showed that the alternate 
wet and dry  irrigation treatment has the greatest 
diversity of most weed species , and get the highest 
total volume of the weed wet weight (Table 1).  
 
 
 
 
 
 
 
 
 
Figure 5. Performance vegetatif of rice grow 
 
The observation of [4] showed that weed growth 
was generally higher in unflooded treatments, 
although weed populations in Saturated Soil Culture or 
saturated irrigation treatments and traditionally 
flooded rice were equivalent in the dry season, 
suggesting that weeds can be controlled in SSC. The 
productive parameters measured were plant panicle 
length, panicle fill, empty panicles, 1000 grain eight, 
wet grain weight, dry grain eight, wet straw weight, 
Figure 3. Daily rainfall and evapotranspiration  
                   distribution during late season 
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grain weight, and dry weight harvest as presented in 
the Table 2. 
Panicles length data show that saturated irrigation 
treatment presents the highest value, on an average 
1.02 times higher than the values of the other 
irrigation treatments. Continous deep flooding 
produces the highest number of panicles fill around 
86.51 %.  Refer to the ratio between numbers of the 
panicle empty and total numbers of panicle, 
continuous deep flooding irrigation produced highest 
productivity panicles with empty panicles about 13, 
49% comparing with low level continuous flow, 
saturated and alternate wet and dry irrigation about 
20.60%, 23.75% and 20, 27% respectively of the total 
number of panicles. Regarding 1000 grain weight, the 
low level continous flow irrigation produced the 
highest value about 28.17 grams, while alternate wet 
and dry irrigation, deep flooding and saturated 
irrigation produced 25.80, 27.03, and 26.53 grams 
respectively (Figure 6). Research coundected by [4] 
showed that there were no differences between SSC 
(Saturated soil culture) or saturated irrigation and the 
traditional method of irrigation in any of the grain 
quality components measured, indicating that this 
water saving method did not lower grain quality. The 
rice yield of deep flooding irrigation treatment was 
equivalent to 5.6 tons/ha of dry paddy while the yields 
of low level continuous flow irrigation, alternate wet 
and dry irrigation and soil saturation treatments 
reached 5,3 tons/ha, 3.36 tons/ha and 2.80 tons/ ha 
respectively.  
     
Table 1. Observations of the diversity of weeds and weed fresh weight 35 days after rice planting Alternate wett 
and dry irrigation 
Irrigation Plot Type of Weeds Wet Weight (gram) 
Local Name Scientific Name 
Alternate wett and dry 
irrigation 
 
Jajagoan 
Kakawatan 
Mute 
Gunda 
Samangi 
Randa Katisan 
Cacabean 
Bulu mata munding 
Enchnochoa glabrecens 
Cynodon dactylon 
Cyperus difformis 
No name 
F.Asteacaea 
Marsileaceae 
F Onagraceae 
Cyperus iria L 
245,3 
14,9 
1,3 
0,7 
4,1 
23,1 
50,7 
288,5 
Saturated irrigation Jajagoan 
Kakawatan 
Cacabean 
Bulu mata munding 
Enchnochoa glabrecens 
Cynodon dactylon 
F Onagraceae 
Cyperus iria L 
292,9 
51,5 
149,1 
90,1 
Low level continuous 
flow 
Jajagoan 
Bulu mata munding 
Kakawatan 
Mute 
Enchnochoa glabrecens 
Cyperus iria L 
Cynodon dactylon 
Cyperus difformis 
70,6 
4,3 
3,2 
1,3 
Deep flooding 
irrigation 
Jajagoan 
Bulu mata munding 
Kakawatan 
Talog Toya 
 
Enchnochoa glabrecens 
Cyperus iria L 
Cynodon dactylon 
Commellina 
bunghalensis 
18,5 
1,7 
1,7 
2,4 
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24,50 
25,00 
25,50 
26,00 
26,50 
27,00 
27,50 
28,00 
28,50 
Thousand Grain Weight (Gram)
Alternate Wet and Dry Irrigation 25,80 
Saturated Irrigation 26,53 
Low Level Continous Flow 28,17 
Permanently Deep Flooding 27,03 
Table 2: Yield performance 
Parameters 
Irrigation Treatment 
Alternate Wet and 
Dry  
Saturated 
Low level  
Continous flow 
Continous deep 
flooding 
Panicles  length (cm) 22.86 23.49 23.05 22.85 
Panicles  fill (%) 79.73 76.25 79.40 86.51 
Panicles empty (%) 20.27 23.75 20.60 13.49 
1000 grain weight(g) 25.80 26.53 28.17 27.03 
Wet grain weight(g)/m2 47.15 45.21 63.69 59.20 
Dry grain weight(g)/m2 34.41 29.67 48.21 44.25 
Wet straw weight(g)/m2 110.12 82.60 106.50 108.46 
Wet paddy(kg)/m2 0.57 0.55 0.77 0.72 
Dried paddy (kg)/m2 0.48 0.46 0.65 0.61 
 
      
Figure 6. Thousand grain weight of several  
                   irrigation treatment 
 
4.3. Water use efficiency and water productivity   
Water use  efficiency is the ratio of grain yield 
(kg/ha) and the total water consumption of irrigation 
(m
3
/ha) without water supply from rain. The 
experimentation results showed that saturated 
irrigation produced about 6.32 kg/m
3
, low level 
continuous flow irrigation was about 4.35 kg/m
3
, 
alternate wet and dry irrigation was about 3.98 kg/m
3
 
and continuous deep flooding was about 2.03 kg/m
3
/ha 
of water use efficiency.  [4] mention that the trend was 
for yield to increase with water supply, but there was 
no significant difference in yield and quality between 
Saturated Soil Culture (SSC) and traditional flooded 
production, although SSC used about 32% less water. 
Therefore the efficiency of water use for grain 
production (WUEg, g m
−2 
mm
−1
) was higher in SSC 
than in traditional flooded production in the wet 
season and a similar trend existed in the dry season. 
 
Water productivity is expressed by the ratio between 
the amount of water (kilograms) used to produce an 
agricultural product and the weight of the product 
(grams). Therefore, the higher the ratio the more 
effective in using water. Regardless of the yields 
obtained, the water productivity of saturated irrigation 
reached the highest value about  0.9 g/kg,  it means 
that every kilogram of water consumed by rice plants 
produced 0.9 grams of grain. Alternate wet and dry 
irrigation and low level continuous flow irrigation 
water productivity ratio is about 0.66 g/kg and 0.55 
g/kg  respectivelly. Continues deep flooding water 
productivity ratio is about 0.26 g/kg (Figure 7) 
 
 
Figure 7. Water productivity 
 
 In Guimba and Munoz of Philipines and Hubei, 
China that water productivity of alternate wet and dry 
(AWD) irrigation comparing with deep flooding  
irrigation was very siginificance results. An AWD 
irrigation water productivity varies about 0,95 – 1,34 
comparing with 0,90- 1,20 of deep flooding water 
productivity. 
 
5. Conclussions 
1. The rice yield of deep flooding irrigation treatment 
was equivalent to 5.6 tons/ha of dry paddy while 
0,00
0,10
0,20
0,30
0,40
0,50
0,60
0,70
0,80
0,90
Grain (g)/Water (Kg)
Alternate Wet and Dry Irrigation 0,66
Saturated Irrigation 0,90
Low Level Continous Flow 0,55
Permanently Deep Flooding 0,26
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the yields of low level continuous flow 
irrigation,alternate wet and dry irrigation and soil 
saturation treatments reached 5.3 tons/ha, 3.36 
tons/ha, and 2.80 tons/ ha respectively.  
2. The experimentation results showed that saturated 
irrigation produced was the most efficience of 
water use and considerable as an alternative 
irrigation for upland area with water scarcity 
problem for rice cultivation 
3. Low level continuous flow irrigation was able to 
save significant water use and produce high rice 
yield.   
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